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PHASE-CONTRAST ENHANCED 
COMPUTED TOMOGRAPHY 

This application is a national phase application under 35 
U.S.C. § 371 of International Application No. PCT/US02/ 
34605 ?led Oct. 30, 2002, Which claims priority to Us. 
application Ser. No. 10/278,055 ?led Oct. 22, 2002 and Us. 
Provisional Application Ser. No. 60/338,942 ?led Nov. 5, 
2001. The above listed applications are incorporated into 
this application by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to the ?elds of 

radiography and tomography. More particularly, this disclo 
sure describes hoW a standard x-ray source may be used to 
create phase-enhanced computed tomography (CT) images. 
These phase-enhanced CT images provide sharper images 
Which make small edges, including small masses or small 
spiculations, more evident. This provides a method for, 
among other things, the inspection of organic materials and 
for use in medical apparatuses. 

2. Description of Related Art 
In the conventional x-ray transmission imaging system, 

the contrast of an obtained image depends upon the degree 
of absorption of x-rays by an object. Namely, if there is a 
region Where heavy elements With high x-ray absorptance 
are dense, that portion exhibits a loW transmittance and can 
be caught as a shadoW in an image. On the other hand, 
objects made of light elements (soft tissues, etc.) are trans 
parent to x-rays and are therefore di?icult to obtain an image 
contrast. For example, in many clinical situations, such as 
mammography, there is a need to distinguish betWeen dif 
ferent kinds of soft tissue, betWeen tumors and normal 
tissue, for instance. Accordingly, there is employed a method 
in Which the contrast is emphasiZed by injecting heavy 
elements as a contrast agent in order to observe biological 
soft tissues (such as internal organs, tumors, or blood 
vessels), for example, When an x-ray cross section image for 
medical diagnosis is to be acquired. HoWever, the contrast 
ing technique cannot alWays be applied to all observation 
locations to be investigated. Also, the contrasting process 
may negatively impact the body. 

The above problem concerning the image contrast exists 
similarly even in x-ray computerized tomography (CT) 
Which is a three-dimensional, inside-observing technique. A 
CT scanner x-rays the body from many angles. The x-ray 
beams are detected by the CT scanner and analyZed by a 
computer. The computer compiles the images into a picture 
of the body area being scanned. These images can then be 
vieWed on a monitor or reproduced as photographs. 

In lieu of x-ray absorption techniques, there is an imaging 
method available for obtaining a contrast by monitoring 
x-ray phase shifts. A phase-contrast x-ray records informa 
tion from the x-ray beams after they have passed through 
different materials, including biological soft tissues. All 
tissues cause the x-rays to sloW doWn, resulting in What is 
knoWn as a phase shift. The siZe of the shift depends on the 
type of tissue. Phase-sensitive techniques, Which can be 
understood using Wave optics rather than ray optics, offer 
Ways to augment or complement standard absorption con 
trast by incorporating phase information. Also, since phase 
contrast relies only on refraction of x-rays, not on absorp 
tion, imaging can be done at higher energies Where the 
absorbed radiation dose can be less, thereby reducing poten 
tial damage to tissues. 
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2 
The use of phase-contrast imaging methods enables 

observation With an excellent sensitivity Which is one 
thousand times as high as that in the conventional absorp 
tion-contrast method. Thus it may be possible to observe 
phase contrast When absorption contrast is undetectable. 
Furthermore, biological soft tissues can be observed Without 
being subjected to a speci?c contrasting process. Also, even 
if a contrast agent is used, the choice of a Wider variety of 
contrast agents and contrasting techniques are possible. 

There has been devised a phase-contrast x-ray CT appa 
ratus in Which phase contrast is introduced to the x-ray CT 
enabling three-dimensional observation. U.S. Pat. No. 
5,173,928 is speci?cally incorporated herein by reference in 
its entirety. According to the disclosed technique of the ’928 
patent, an x-ray interferometer is used to reconstruct an 
image in a virtual-cross section from interference patterns. 
This disclosed technique is limited to observing an object 
having a diameter of only several millimeters, and therefore 
is not practical for medical diagnosis. Further problems With 
the above system using the x-ray interferometer is that (1) in 
order to ensure coherency, the energy band of an x-ray beam 
must be narroWed to obtain a high monochromaticity and 
hence a bright light source such as synchrotron radiation 
must be used; and (2) that a precision optical system is 
required and it is therefore dif?cult to handle the system. 

There has also been devised a phase contrast x-ray CT 
apparatus in Which an x-ray interferometer is not used. U.S. 
Pat. No. 5,715,291 is speci?cally incorporated herein by 
reference in its entirety. In the ’291 patent, the phase 
distribution is determined from the distribution of refraction 
angles of x-rays transmitted through an object. HoWever, 
this disclosure is limited to object rotation to acquire the 
necessary data to reconstruct a CT image. 

In vieW of the shortcomings such as those listed above, 
improved phase-contrast imaging techniques Would be 
desirable. 

SUMMARY OF THE INVENTION 

The present invention discloses methods and apparatuses 
that are capable of obtaining accurate and Well-de?ned x-ray 
images of samples such as soft tissues in humans. This 
invention is envisioned for use in medical diagnosis pur 
poses but in no Way is so-limited. In fact, it may be used to 
study any type of sample. 

Breast cancer screening is such an example of the appli 
cability of Applicants invention. Current mammography 
screening has a very high rate of false positives and false 
negatives (Fitzgerald, 2001). In a population of undiagnosed 
Women advised by their doctors to have regular diagnostic 
screening, only ?ve Women out of 1000 Will actually have 
breast cancer (FitZgerald, 2001). But for that same popula 
tion, the rate of positive mammograms Will be 10% (FitZger 
ald, 2001). The ratio of false positives to true positives is 
nearly 20:1 and for about 10*20% of Women Who have 
palpable abnormalities, the mammograms Won’t shoW any 
thing (FitZgerald, 2001). Mammography screening is such 
an example of the driving need to improve the current phase 
contrast x-ray CT apparatuses to obtain more accurate and 
sharper x-ray images of soft tissue. 
The present invention is applicable but not limited to 

methods of computed tomography images of sample objects 
and to medical inspection apparatuses Which employ phase 
shift technology to obtain computed tomography images. 
One embodiment of the present disclosure is to provide an 

apparatus Which creates phase-contrasted CT images based 
on interference effects Which take advantage of geometry so 
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that both lateral coherence and demonstration of phase 
e?fects result from the manner in Which the source and 
detector are placed relative to the object. Speci?cally, the 
invention provides for a phase-contrast computed tomogra 
phy scanner Which alloWs the user to obtain phase-contrast, 
x-ray computed tomography images of a sample object. The 
samples that can be scanned by this CT scanner are unlim 
ited. HoWever, in one embodiment, the sample includes 
biological soft tissues. A suitable CT scanner may use a 
polychromatic x-ray source. There may also be a poWer 
supply source coupled to the polychromatic x-ray source to 
poWer it, and a ?rst translation stage may be coupled to the 
poWer supply source. A rotational stage may be in spaced 
relation With the translation stage and con?gured to hold and 
rotate the sample. The polychromatic x-ray source may be 
spaced suf?ciently far from the rotational stage so that x-rays 
reaching the rotational stage are substantially coherent. 
There is a detector in spaced relation With the rotational 
stage and con?gured to collect phase contrast x-ray data 
from the sample. There may also be second translation stage 
coupled to the detector and a computer coupled to the 
detector and con?gured to form a computed tomography 
image of the sample using the phase-contrast x-ray data The 
CT scanner may even provide that the computer controls the 
poWer supply source, the ?rst translation stage, the rotational 
stage, and the second translation stage. In another aspect of 
this embodiment of the present disclosure, an existing x-ray 
source may be interchanged With a polychromatic x-ray 
source, Which Would enable the existing x-ray source to 
perform phase-contrast imaging. In yet another aspect of this 
embodiment of the present disclosure, a suitable polychro 
matic x-ray source may include an x-ray tube, a radioactive 
source and/or a synchrotron radiation source. Finally, the CT 
scanner may even further provide that the polychromatic 
x-ray source operates betWeen a 20 and 150 kilovoltage 
potential kVp) and Wherein the polychromatic x-ray source 
is spaced about four meters from the rotational stage. 

In another embodiment of this disclosure, there is pro 
vided an apparatus Which creates phase-contrasted CT 
images based on interference effects in Which both coher 
ence and imaging require the use of perfect crystals. As used 
herein, a “perfect crystal” is one in Which there are no 
substantial point, linear, or planar imperfections. Speci? 
cally, this embodiment of the present invention provides a 
monochromatic di?fraction computed tomography scanner 
Which alloWs the user to obtain phase-contrast, x-ray com 
puted tomography images of a sample object. The samples 
that can be scanned by this CT scanner are unlimited. 
HoWever, in one embodiment, the sample includes biologi 
cal soft tissues. This CT scanner may include a polychro 
matic x-ray source. There is also a poWer supply source 
coupled to the polychromatic x-ray source to poWer the 
polychromatic x-ray source. There is a ?rst translation stage 
coupled to the poWer supply source. There is also a pair of 
rotatable, interchangeable monochromator crystals in 
spaced relation With the polychromatic x-ray source. A 
rotational stage in spaced relation With the monochromator 
crystals and con?gured to hold and rotate the sample is also 
included. There is a rotatable, interchangeable analyZer 
crystal in spaced relation With the rotational stage. There is 
also a detector in spaced relation With the analyZer crystal 
and con?gured to collect phase contrast x-ray data from the 
sample. A second translation stage coupled to the detector 
and a computer coupled to the detector and con?gured to 
form a computed tomography image of the sample using the 
phase-contrast x-ray data also exists. This CT scanner may 
even provide that the computer controls the poWer supply 
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4 
source, the pair of rotatable interchangeable monochromator 
crystals, the ?rst translation stage, the rotational stage, the 
rotatable interchangeable analyZer crystal and/ or the second 
translation stage. In another aspect of this embodiment of 
this disclosure, the polychromatic x-ray source may include 
an x-ray tube, a radioactive source and/or a synchrotron 
radiation source. The CT scanner may even further provide 
that the polychromatic x-ray source operates at a range 
betWeen 20 and 150 kVp. This CT scanner may further 
provide that the pair of monochromator crystals and the 
analyZer crystal may be selected from a group of non-perfect 
crystals. HoWever, in one embodiment, the pair of mono 
chromator crystals and the analyZer crystal may be perfect 
silicon crystals. Finally, in yet another aspect of, this present 
disclosure, an existing x-ray source can be interchanged 
With the polychromatic x-ray source Which Would enable the 
existing x-ray source to perform phase-contrast imaging. 

In yet another embodiment of the present invention, a 
rotatable monochromatic di?fraction computed scanner is 
disclosed Which employs object rotation, polychromatic 
x-ray source rotation and detector rotation to obtain phase 
contrast images. The samples that can be scanned by this CT 
scanner are unlimited. HoWever, in one embodiment, the 
sample may include biological soft tissues. This CT scanner 
may include a polychromatic x-ray source con?gured to 
rotate about the sample. There may also be a poWer supply 
source coupled to the polychromatic x-ray source to poWer 
it. There may be a pair of interchangeable monochromator 
crystals that may be in spaced relation With the polychro 
matic x-ray source and con?gured to rotate With the poly 
chromatic x-ray source about the sample. There may be a 
?xed stage that may be in spaced relation With the mono 
chromator crystals and con?gured to hold the sample in a 
?xed position. There may also be a interchangeable analyZer 
crystal that may be in spaced relation With the ?xed stage 
and con?gured to rotate With the polychromatic x-ray source 
about the sample. A detector may be in spaced relation With 
the analyZer crystal and con?gured to rotate With the poly 
chromatic x-ray source about the sample to collect phase 
contrast x-ray data from the sample. There may be a trans 
lation stage coupled to the poWer supply source, the pair of 
interchangeable monochromator crystals, the interchange 
able analyZer crystal and the detector. There may also be a 
computer coupled to the detector and con?gured to form a 
computed tomography image of the sample using the phase 
contrast x-ray data. The CT scanner may even provide that 
the computer controls the poWer supply source and the 
translation stage. In another aspect of this embodiment of the 
present disclosure, the polychromatic x-ray source may 
include an x-ray tube, a radioactive source and/or a syn 
chrotron radiation source. In yet another aspect of this 
embodiment, the CT scanner may even further provide that 
the polychromatic x-ray source may operate at a range 
betWeen 20 and 150 kVp. Finally, this CT scanner may 
further provide that the pair of monochromator crystals and 
the analyZer crystal may be selected from a group of 
non-perfect crystals. In one embodiment, the pair of mono 
chromator crystals and the analyZer crystal may be perfect 
silicon crystals. 

In still another embodiment of the present disclosure, the 
relevant technology of the phase-contrast computed tomog 
raphy scanner and the monochromatic di?fraction computed 
tomography scanner are combined together to form a CT 
scanner Which may be used to create phase-contrast CT 
images. Speci?cally, the present disclosure provides a com 
bination phase contrast and monochromatic di?fraction com 
puted tomography scanner Which alloWs the user to obtain 
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phase-contrast, x-ray computed tomography images of a 
sample object. The samples that can be scanned by this CT 
scanner are unlimited. However, in one embodiment, the 
sample may include biological soft tissues. This CT scanner 
may include a polychromatic x-ray source. There may also 
be a ?rst translation stage coupled to the poWer supply 
source. There may be a poWer supply source coupled to the 
polychromatic x-ray source to poWer the polychromatic 
x-ray source. There may also be a pair of rotatable, inter 
changeable monochromator crystals in spaced relation With 
the polychromatic x-ray source and con?gured to occupy at 
least tWo positions, one position being aligned With the 
polychromatic x-ray source and the other position being out 
of alignment With the polychromatic x-ray source. A rota 
tional stage in spaced relation With the monochromator 
crystals and con?gured to hold the sample may also 
included. There may also be a rotatable, interchangeable 
analyZer crystal in spaced relation With the rotational stage 
and con?gured to occupy at least tWo positions, one position 
being aligned With the sample and the other position being 
out of alignment With the sample. There may be a detector 
in spaced relation With the rotational stage and con?gured to 
collect phase-contrast x-ray data from the sample. There 
may also be a computer coupled to the detector and con?g 
ured to form a computed tomography image of the sample 
using the phase-contrast x-ray data. This CT scanner may 
even further provide that the computer controls the poWer 
supply source, the pair of rotatable interchangeable mono 
chromator crystals, the ?rst translation stage, the rotational 
stage, the rotatable interchangeable analyZer crystal and/or 
the second translation stage. In another aspect of this 
embodiment of the present disclosure, the polychromatic 
x-ray source may include an x-ray tube, a radioactive source 
and/ or a synchrotron radiation source In yet another aspect 
of this embodiment, the polychromatic x-ray source may 
operate at a range betWeen 20 and 150 kVp. The CT scanner 
may even further provide that the pair of monochromator 
crystals and the analyZer crystal may be selected from a 
group of non-perfect crystals. In one embodiment, the pair 
of monochromator crystals and the analyZer crystal may be 
perfect silicon crystals. Finally, in another aspect of this 
disclosure, an existing x-ray source can be interchanged 
With the polychromatic x-ray source Which Would enable the 
existing x-ray source to perform phase-contrast imaging. 

In yet another embodiment of the present disclosure, there 
is provided a method of identifying an unknoWn sample. 
This method my include obtaining a knoWn sample and then 
obtaining a phase-contrast, x-ray computed tomography 
image of the knoWn sample and identify a diffraction pattern 
for the knoWn sample using the x-ray computed tomography 
image of the knoWn sample. Then, associate the diffraction 
pattern of the knoWn sample With the knoWn sample in a 
database. Then, one can obtain a phase-contrast, x-ray 
computed tomography image of an unknoWn sample and 
identify a diffraction pattern for the unknoWn sample using 
the x-ray computed tomography image of the unknoWn 
sample and correlate the diffraction pattern of the unknoWn 
sample With the diffraction pattern of a knoWn sample using 
the database to identify the unknoWn sample. The samples 
that can be scanned by this CT scanner are unlimited. 
HoWever, in one embodiment, the sample may include 
biological soft tissues. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing draWings form part of the present speci? 
cation and are included to further demonstrate certain 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these draWings in 
combination With the detailed description of speci?c 
embodiments presented herein. These draWings illustrate by 
Way of example and not limitation, and they use like 
references to indicate similar elements. The draWings 
include: 

FIG. liis a draWing of a phase-contrast computed 
tomography scanner according to an embodiment of the 
present disclosure. 

FIG. 2iis a draWing of a monochromatic diffraction 
computed tomography scanner and a combination phase 
contrast and monochromatic diffraction computed tomogra 
phy scanner according to an embodiment of the present 
disclosure. 

FIG. 3iis a draWing of a rotatable monochromatic dif 
fraction computed tomography scanner according to an 
embodiment of the present disclosure. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

FIG. 1 illustrates one possible construction of a phase 
contrast computed tomography scanner for providing phase 
contrast, x-ray computed tomography images of a sample. A 
polychromatic x-ray source 1 may be connected to and 
poWered by a poWer supply source 2. In one embodiment, 
the polychromatic x-ray source 1 may be selected from a 
group including an x-ray tube, a radioactive source and/ or a 
synchrotron radiation source. The poWer supply source 2 
may operate betWeen a range of 20 and 150 kilovoltage 
potential. The poWer supply source 2 may be connected to 
a computer 4. The computer 4 may control the kilovoltage 
output of the poWer supply source 2. In another embodi 
ment, the poWer supply source 2 may be controlled inde 
pendent of the computer 4. The polychromatic x-ray source 
1 may be situated on top of the poWer supply source 2. The 
poWer supply source 2 may be situated on top of a ?rst 
translation stage 3. The ?rst translation stage 3 can be 
maneuvered through an x-axis, a y-axis and/or Z-axis by 
mechanical knobs. HoWever, in one embodiment, the com 
puter 4 may operate and maneuver the ?rst translation stage 
3 through the x-axis, y-axis and/or Z-axis. The polychro 
matic x-ray source 1 may be about 4 meters aWay from a 
rotational stage 8 as exempli?ed by R1 in FIG. 1. The 
rotational stage 8 may be capable of supporting a sample 
object 9 for the purposes of scanning the sample object 9 
With the polychromatic x-ray source 1. The rotational stage 
8 may be situated on top of a motor 5 in Which the motor 5 
may be capable of rotating the rotational stage 8 360 
degrees. The sample object 9 may be placed a suitable 
distance R2 from the detector 7 to ensure that the detector 7 
may be able to collect phase-contrast x-ray data from the 
sample 9. Those of ordinary skill Will recogniZe that R2 may 
thus vary Widely. The detector 7 may be capable of detecting 
x-ray beams after they have passed through the sample 
object 9. The detector 7 may be situated on top of a second 
translation stage 6. The second translation stage 6 can be 
maneuvered through an x-axis, a y-axis and/or Z-axis by 
mechanical knobs. HoWever, in one embodiment, the com 
puter 4 can operate and maneuver the second translation 
stage 6 through the x-axis, y-axis and/or Z-axis. The com 
puter 4 may be capable of analyZing the phase shift of the 
x-ray beams that have passed through the sample object 9, 
thus creating a CT image of the sample object 9 on the 
computer’s 4 monitor. The computer 4 may also be capable 
of operating the poWer supply source 2, the ?rst translation 
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stage 3, the motor 5 that is capable of rotating the rotational 
stage 8 360 degrees, the second translation stage 6, and/or 
the detector 7. 

FIG. 2 illustrates a possible construction of a monochro 
matic diffraction computed tomography scanner for provid 
ing phase-contrast, X-ray computed tomography images of a 
sample. A polychromatic X-ray source 1 may be connected 
to and poWered by a poWer supply source 2. In one embodi 
ment, the polychromatic X-ray source 1 is selected from a 
group including an X-ray tube, a radioactive source and/ or a 
synchrotron radiation source. The poWer supply source 2 
may operate betWeen a 20 and 150 kilovoltage potential. The 
poWer supply source 2 may be connected to a computer 6. 
The computer 6 can control the kilovoltage output of the 
poWer supply source 2. In another embodiment, the poWer 
supply source 2 can be controlled independent of the com 
puter 6. The polychromatic X-ray source 1 may be situated 
on top of the poWer supply source 2. The poWer supply 
source 2 may be situated on top of a ?rst translation stage 3. 
The ?rst translation stage 3 can be maneuvered through an 
X-axis, a y-axis and/or Z-aXis by mechanical knobs. HoW 
ever, in one embodiment, the computer 6 can operate and 
maneuver the ?rst translation stage 3 through the X-axis, 
y-axis and/or Z-aXis. A pair of interchangeable monochro 
mator crystals 13 may be affixed to a ?rst rotational motor 
12 In one embodiment, the pair of interchangeable mono 
chromator crystals 13 may be perfect silicon crystals. In 
another embodiment, the pair of monochromator crystals 
may be selected from a group of non-perfect crystals. The 
pair of interchangeable monochromator crystals 13 may be 
placed a suitable distance from the polychromatic X-ray 
source 1 to ensure that the x-rays emerging from the 
monochromator crystals 13 are essentially parallel. Those of 
ordinary skill Will recogniZe that this distance may thus vary 
Widely. A ?rst rotational motor 12 may be capable of rotating 
the pair of interchangeable monochromator crystals 13 360 
degrees. The X-ray 1 source may be a suitable distance R1 
from a sample object 11 to ensure that the X-ray beams 
traverse the sample object 11. Those of ordinary skill Will 
recogniZe that this distance may thus vary Widely. The 
rotational stage 4 may be capable of supporting the sample 
object 11 to be scanned. The rotational stage may be affixed 
to a motor 5. The motor 5 may be capable of rotating the 
rotational stage 4 360 degrees. A rotatable interchangeable 
analyZer crystal 10 may be placed in front of the sample 
object 11 to be scanned. In one embodiment, the rotatable 
interchangeable analyZer crystal 10 is a perfect silicon 
crystal. In another embodiment, the rotatable interchange 
able analyZer crystal 10 may be selected from a group of 
non-perfect crystals. The rotatable interchangeable analyZer 
crystal 10 may be a suitable distance from the sample object 
11 to ensure that the X-ray beams emerging from the sample 
object 11 are directed to the analyZer crystal 10. Those of 
ordinary skill Will recogniZe that this distance may thus vary 
Widely. The rotatable interchangeable analyZer crystal 10 
may be affixed to a second rotational motor 7. The second 
rotational motor 7 may be capable of rotating the rotatable 
interchangeable analyZer crystal 10 360 degrees. The sample 
object 11 may be placed a suitable distance R2 from the 
detector 9 to ensure that the detector 9 may be able to collect 
phase-contrast X-ray data from the sample. Those of ordi 
nary skill Will recogniZe that R2 may thus vary Widely. The 
detector 9 may be con?gured to collect phase-contrast X-ray 
data from the X-ray beams passing through the sample object 
11. The detector 9 may be situated on top of a second 
translation stage 8. The second translation stage 8 can be 
maneuvered through an X-axis, a y-axis and/or Z-aXis by 
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8 
mechanical knobs. HoWever, in one embodiment, the com 
puter 6 may operate and maneuver the second translation 
stage 8 through the x-axis, y-axis and/or Z-aXis. The com 
puter 6 may be capable of analyZing the phase shift of the 
X-ray beams that have passed through the sample object 11, 
thus creating a CT image of the sample object 11 on the 
computer’s 6 monitor. The computer 6 may also be capable 
of operating the poWer supply source 2, the ?rst translation 
stage 3, the ?rst rotational motor 12, the motor 5 that is 
affixed to the rotational stage 4, the second rotational motor 
7, the second translation stage 8 and/or the detector 9. In 
another embodiment of this invention, an existing X-ray 
source may be interchanged With the polychromatic X-ray 
source 1. 

FIG. 2 also illustrates a possible construction of a com 
bination phase-contrast and monochromatic diffraction com 
puted tomography scanner for providing phase-contrast, 
X-ray computed tomography images of a sample. A poly 
chromatic X-ray source 1 may be connected to and poWered 
by a poWer supply source 2. In one embodiment, the 
polychromatic X-ray source 1 may be selected from a group 
including an X-ray tube, a radioactive source and/or a 
synchrotron radiation source. The poWer supply source 2 
may operate betWeen a 20 and 150 kilovoltage potential. The 
poWer supply source 2 may be connected to a computer 6. 
The computer 6 can control the kilovoltage output of the 
poWer supply source 2. In another embodiment, the poWer 
supply source 2 may be controlled independent of the 
computer 6. The polychromatic X-ray source 1 may be 
situated on top of the poWer supply source 2. The poWer 
supply source 2 may be situated on top of a ?rst translation 
stage 3. The ?rst translation stage 3 may be maneuvered 
through an x-axis, a y-axis and/or Z-axis by mechanical 
knobs. HoWever, in one embodiment, the computer 6 may 
operate and maneuver the ?rst translation stage 3 through 
the X-axis, y-axis and/or Z-aXis. A pair of interchangeable 
monochromator crystals 13 may be affixed to a ?rst rota 
tional motor 12. In one embodiment, the pair of interchange 
able monochromator crystals 13 may be perfect silicon 
crystals. In another embodiment, the pair of monochromator 
crystals may be selected from a group of non-perfect crys 
tals. The pair of interchangeable monochromator crystals 13 
may be placed a suitable distance from the polychromatic 
X-ray source 1 to ensure that the X-rays emerging from the 
monochromator crystals 13 are essentially parallel. Those of 
ordinary skill Will recogniZe that this distance may thus vary 
Widely. The ?rst rotational motor 12 may be capable of 
rotating the pair of interchangeable monochromator crystals 
13 360 degrees. In another embodiment of this invention, the 
?rst rotational motor 12 may also be capable of con?guring 
the interchangeable monochromator crystals 13 into at least 
tWo positions, one position being aligned With the polychro 
matic X-ray source and the other position being out of 
alignment With the polychromatic X-ray source 1. The X-ray 
1 source may be a suitable distance R1 from a sample object 
11 to ensure that the X-ray beams traverse the sample object 
11. Those of ordinary skill Will recogniZe that this distance 
may thus vary Widely. A rotational stage 4 may be capable 
of supporting the sample object 11 to be scanned. The 
rotational stage may be affixed to a motor 5. The motor 5 
may be capable of rotating the rotational stage 4 360 
degrees. Arotatable interchangeable analyZer crystal 10 may 
be placed in front of the sample object 11 to be scanned. In 
one embodiment, the rotatable interchangeable analyZer 
crystal 10 may be a perfect silicon crystal. In another 
embodiment, the rotatable interchangeable analyZer crystal 
10 may be selected: from a group of non-perfect crystals. 
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The rotatable interchangeable analyzer crystal 10 may be a 
suitable distance from the sample object 11 to ensure that the 
x-ray beams emerging from the sample object 11 are 
directed to the analyZer crystal 10. Those of ordinary skill 
Will recognize that this distance may thus vary Widely. The 
rotatable interchangeable analyZer crystal 10 may be af?xed 
to a second rotational motor 7. The second rotational motor 
7 may be capable of rotating the rotatable interchangeable 
analyZer crystal 10 360 degrees. In another embodiment of 
this invention, the second rotational motor 7 may also be 
capable of con?guring the rotatable interchangeable ana 
lyZer crystal 10 into at least tWo positions, one position 
being aligned With the sample object 11 and the other 
position being out of alignment With the sample object 11. 
The sample object 11 may be placed a suitable distance R2 
from the detector 9 to ensure that the detector 9 may be able 
to collect phase-contrast x-ray data from the sample. Those 
of ordinary skill Will recogniZe that R2 may thus vary 
Widely. The detector 9 may be con?gured to collect phase 
contrast x-ray data from the x-ray beams passing through the 
sample object 11. The detector 9 may be situated on top of 
a second translation stage 8. The second translation stage 8 
may be maneuvered through an x-axis, a y-axis and/or Z-axis 
by mechanical knobs. However, in one embodiment, the 
computer 6 may operate and maneuver the second transla 
tion stage 8 through the x-axis, y-axis and/or Z-axis. The 
computer 6 may be capable of analyZing the phase shift of 
the x-ray beams that have passed through the sample object 
11, thus creating a CT image of the sample object 11 on the 
computer’s 6 monitor. The computer 6 may also be capable 
of operating the poWer supply source 2, the ?rst translation 
stage 3, the ?rst rotational motor 12, the motor 5 that is 
af?xed to the rotational stage 4, the second rotational motor 
7, the second translation stage 8 and/or the detector 9. In 
another embodiment of this disclosure, an existing x-ray 
source may be interchanged With the polychromatic x-ray 
source 1. 

FIG. 3 illustrates a possible construction of a rotatable 
monochromatic diffraction computed tomography scanner 
for providing phase-contrast, x-ray computed tomography 
images of a sample. A polychromatic x-ray source 1 may be 
connected to and poWered by a poWer supply source 2. In 
one embodiment, the polychromatic x-ray source 1 may 
include an x-ray tube, a radioactive source and/or a syn 
chrotron radiation source. The poWer supply source 2 may 
operate betWeen a 20 and 150 kilovoltage potential. The 
poWer supply source 2 may be connected to a computer 5. 
The computer 5 may control the kilovoltage output of the 
poWer supply source 2. In another embodiment, the poWer 
supply source 2 may be controlled independent of the 
computer 5. The polychromatic x-ray source 1 may be 
situated on top of the poWer supply source 2. The poWer 
supply source 2 may be situated on top of a translation stage 
3. The translation stage 3 can be rotated 360 degrees and/or 
may be maneuvered through an x-axis, a y-axis and/or Z-axis 
by mechanical knobs. HoWever, in one embodiment, the 
computer 6 may rotate the translation stage 3 360 degrees 
and/or maneuver the translation stage 3 through the x-axis, 
y-axis and/or Z-axis. A pair of interchangeable monochro 
mator crystals 9 may be af?xed to the translation stage 3 and 
may be capable of being rotated With the polychromatic 
x-ray source 1 about the sample object 8. In one embodi 
ment, the pair of interchangeable monochromator crystals 9 
are perfect silicon crystals. In another embodiment, the pair 
of monochromator crystals may be selected from a group of 
non-perfect crystals. The pair of interchangeable monochro 
mator crystals 9 may be placed a suitable distance from the 
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polychromatic x-ray source 1 to ensure that the x-rays 
emerging from the monochromator crystals 9 are essentially 
parallel. Those of ordinary skill Will recogniZe that this 
distance may thus vary Widely. The x-ray 1 source may be 
a suitable distance R1 from a sample object 8 to ensure that 
the x-ray beams traverse the sample object 8. Those of 
ordinary skill Will recogniZe that this distance may thus vary 
Widely. A ?xed stage 4 may be capable of supporting the 
sample object 8 to be scanned. The ?xed stage 4 may not be 
af?xed to the translation stage 3. A interchangeable analyZer 
crystal 7 can be placed in spaced relation With the sample 
object 8 to be scanned. In one embodiment, the interchange 
able analyZer crystal 7 may be a perfect, silicon crystal. In 
another embodiment, the rotatable interchangeable analyZer 
crystal 7 may be selected from a group of non-perfect 
crystals. The rotatable interchangeable analyZer crystal 7 
may be a suitable distance from the sample object 8 to 
ensure that the x-ray beams emerging from the sample object 
8 are directed to the analyZer crystal 7. Those of ordinary 
skill Will recogniZe that this distance may thus vary Widely. 
The interchangeable analyZer crystal 7 may be situated on 
top of the translation stage 3 alloWing the interchangeable 
analyZer crystal 7, the polychromatic x-ray source 1 and/or 
the pair of interchangeable monochromator crystals 9 to 
rotate about the sample object 8. The sample object 8 may 
be placed a suitable distance R2 from the detector 6 to 
ensure that the detector 6 may be able to collect phase 
contrast x-ray data from the sample object 8. Those of 
ordinary skill Will recogniZe that R2 may thus vary Widely. 
The detector 6 may be con?gured to collect phase-contrast 
x-ray data from the x-ray beams passing through the sample 
object 8. The detector 6 may be situated on top of the 
translation stage 3 alloWing the detector 6, the polychro 
matic x-ray source 1, the pair of interchangeable monochro 
mator crystals 9 and/or the interchangeable analyZer crystal 
7 to rotate about the sample. The computer S may be capable 
of analyZing the phase shift of the x-ray beams that have 
passed through the sample object 8, thus creating a CT 
image of the sample object 8 on the computer’s 5 monitor. 
The computer 5 may also be capable of operating the poWer 
supply source 2, the translation stage 3 and/or the detector 

All of the apparatuses and methods disclosed and claimed 
herein can be made and executed Without undue experimen 
tation in light of the present disclosure. While the appara 
tuses and methods of this invention have been described in 
terms of preferred embodiments, it Will be apparent to those 
of skill in the art that variations may be applied to the 
apparatuses and methods and in the steps or in the sequence 
of steps of the methods described herein Without departing 
from the concept, spirit and scope of the invention. All such 
similar substitutes and modi?cations apparent to those 
skilled in the art are deemed to be Within the spirit, scope and 
concept of the invention as de?ned by the appended claims. 
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The invention claimed is: 
1. A phase-contrast computed tomography scanner for 

providing phase-contrast, x-ray computed tomography 
images of a sample, comprising: 

a polychromatic x-ray source; 
a poWer supply source coupled to the polychromatic x-ray 

source to poWer the polychromatic x-ray source; 
a ?rst translation stage coupled to the poWer supply 

source; 
a rotational stage in spaced relation With the translation 

stage and con?gured to hold and rotate the sample; 
Wherein the polychromatic x-ray source is spaced from 

the rotational stage so that x-rays reaching the rota 
tional stage are substantially coherent; 

a detector in spaced relation With the rotational stage and 
con?gured to collect phase-contrast x-ray data from the 
sample; 

a second translation stage coupled to the detector; and 
a computer coupled to the detector and con?gured to form 

a computed tomography image of the sample using the 
phase-contrast x-ray data. 

2. The scanner of claim 1, Wherein the computer controls 
the poWer supply source, the ?rst translation stage, the 
rotational stage and/or the second translation stage. 

3. The scanner of claim 1, Wherein an existing x-ray 
source is interchanged With the polychromatic x-ray source 
Which Would enable the existing x-ray source to perform 
phase-contrast imaging. 

4. The scanner of claim 1, Wherein the polychromatic 
x-ray source is selected from the group comprising an x-ray 
tube, a radioactive source and/or a synchrotron radiation 
source. 

5. The scanner of claim 1, Wherein the polychromatic 
x-ray source operates betWeen 20 and 150 kilovoltage 
potential and Wherein the polychromatic x-ray source is 
spaced about four meters from the rotational stage. 

6. The scanner of claim 1, Wherein the polychromatic 
x-ray source is placed about four meters from the rotational 
stage. 
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7. A monochromatic diffraction computed tomography 

scanner for providing phase-contrast, x-ray computed 
tomography images of a sample, comprising: 

a polychromatic x-ray source; 
a poWer supply source coupled to the polychromatic x-ray 

source to poWer the polychromatic x-ray source; 
a ?rst translation stage coupled to the poWer supply 

source; 
a pair of rotatable, interchangeable monochromator crys 

tals in spaced relation With the polychromatic x-ray 
source; 

a rotational stage in spaced relation With the monochro 
mator crystals and con?gured to hold and rotate the 
sample; 

a rotatable, interchangeable analyZer crystal in spaced 
relation With the rotational stage; 

a detector in spaced relation With the analyZer crystal and 
con?gured to collect phase-contrast x-ray data from the 
sample; 

a second translation stage coupled to the detector; and 
a computer coupled to the detector and con?gured to form 

a computed tomography image of the sample using the 
phase-contrast x-ray data. 

8. The scanner of claim 7, Wherein the computer controls 
the poWer supply source, the pair of rotatable interchange 
able monochromator crystals, the ?rst translation stage, the 
rotational stage, the rotatable interchangeable analyZer crys 
tal and/or the second translation stage. 

9. The scanner of claim 7, Wherein the polychromatic 
x-ray source is selected from the group comprising an x-ray 
tube, a radioactive source and/or a synchrotron radiation 
source. 

10. The scanner of claim 7, Wherein the polychromatic 
x-ray source operates betWeen 20 and 150 kilovoltage 
potential and Wherein the polychromatic x-ray source is 
spaced about four meters from the rotational stage. 

11. The scanner of claim 7, Wherein the pair of mono 
chromator crystals and Wherein the analyZer crystal are 
selected from a group of non-perfect crystals. 

12. The scanner of claim 11, Wherein the pair of mono 
chromator crystals are perfect silicon crystals and Wherein 
the analyZer crystal is a perfect silicon crystal. 

13. The scanner of claim 7, Wherein an existing x-ray 
source is interchanged With the polychromatic x-ray source 
Which Would enable the existing x-ray source to perform 
phase-contrast imaging. 

14. A rotatable monochromatic diffraction computed 
tomography scanner for providing phase-contrast, x-ray 
computed tomography images of a sample, comprising: 

a polychromatic x-ray source con?gured to rotate about 
the sample; 

a poWer supply source coupled to the polychromatic x-ray 
source to poWer the polychromatic x-ray source; 

a pair of interchangeable monochromator crystals in 
spaced relation With the polychromatic x-ray source 
and con?gured to rotate With the polychromatic x-ray 
source about the sample; 

a ?xed stage in spaced relation With the monochromator 
crystals and con?gured to hold the sample in a ?xed 
position; 

a interchangeable analyZer crystal in spaced relation With 
the ?xed stage and con?gured to rotate With the poly 
chromatic x-ray source about the sample; 

a detector in spaced relation With the analyZer crystal and 
con?gured to rotate With the polychromatic x-ray 
source about the sample to collect phase-contrast x-ray 
data from the sample; 
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a translation stage coupled to the power supply source, the 
pair of interchangeable monochromator crystals, the 
interchangeable analyZer crystal and the detector; and 

a computer coupled to the detector and con?gured to form 
a computed tomography image of the sample using the 
phase-contrast X-ray data. 

15. The scanner of claim 14, wherein the computer 
controls the power supply source and/or the translation 
stage. 

16. The scanner of claim 14, wherein the polychromatic 
X-ray source is selected from the group comprising an X-ray 
tube, a radioactive source and/or a synchrotron radiation 
source. 

17. The scanner of claim 14, wherein the polychromatic 
X-ray source operates between 20 and 150 kilovoltage 
potential and wherein the polychromatic X-ray source is 
spaced about four meters from the rotational stage. 

18. The scanner of claim 14, wherein the pair of mono 
chromator crystals and wherein the analyZer crystal are 
selected from a group of non-perfect crystals. 

19. The scanner of claim 18, wherein the pair of mono 
chromator crystals are perfect silicon crystals and wherein 
the analyZer crystal is a perfect silicon crystal. 

20. A combination phase-contrast and monochromatic 
diffraction computed tomography scanner for providing 
phase-contrast, X-ray computed tomography images of a 
sample, comprising: 

a polychromatic X-ray source; 
a power supply source coupled to the polychromatic X-ray 

source to power the polychromatic X-ray source; 
a ?rst translation stage coupled to the power supply 

source; 
a pair of rotatable, interchangeable monochromator crys 

tals in spaced relation with the polychromatic X-ray 
source and con?gured to occupy at least two positions, 
one position being aligned with the polychromatic 
X-ray source and the other position being out of align 
ment with the polychromatic X-ray source; 

a rotational stage in spaced relation with the monochro 
mator crystals and con?gured to hold the sample; 

a rotatable, interchangeable analyZer crystal in spaced 
relation with the rotational stage and con?gured to 
occupy at least two positions, one position being 
aligned with the sample and the other position being 
out of alignment with the sample; 

a detector in spaced relation with the rotational stage and 
con?gured to collect phase-contrast X-ray data from the 
sample; and 

a computer coupled to the detector and con?gured to form 
a computed tomography image of the sample using the 
phase-contrast X-ray data. 
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21. The scanner of claim 20, wherein the computer 

controls the power supply source, the pair of rotatable 
interchangeable monochromator crystals, the ?rst transla 
tion stage, the rotational stage, the rotatable interchangeable 
analyZer crystal and/or the second translation stage. 

22. The scanner of claim 20, wherein the polychromatic 
X-ray source is selected from the group comprising an X-ray 
tube, a radioactive source and/or a synchrotron radiation 
source. 

23. The scanner of claim 20, wherein the polychromatic 
X-ray source operates between 20 and 150 kilovoltage 
potential and wherein the polychromatic X-ray source is 
spaced about four meters from the rotational stage. 

24. The scanner of claim 20, wherein the pair of mono 
chromator crystals and wherein the analyZer crystal are 
selected from the group of non-perfect crystals. 

25. The scanner of claim 20, wherein the pair of mono 
chromator crystals are perfect silicon crystals and wherein 
the analyZer crystal is a perfect silicon crystal. 

26. The scanner of claim 20, wherein an existing X-ray 
source is interchanged with the polychromatic X-ray source 
which would enable the existing X-ray source to perform 
phase-contrast imaging. 

27. A method of identifying an unknown sample, com 
prising: 

obtaining a known sample; 
forming a phase-contrast, X-ray computed tomography 

image of the known sample; 
identifying a diffraction pattern for the known sample 

using the X-ray computed tomography image of the 
known sample; 

associating the diffraction pattern of the known sample 
with the known sample in a database; 

forming a phase-contrast, X-ray computed tomography 
image of an unknown sample; 

identifying a diffraction pattern for the unknown sample 
using the X-ray computed tomography image of the 
unknown sample; and 

correlating the diffraction pattern of the unknown sample 
with the diffraction pattern of a known sample using the 
database; 

thereby identifying the unknown sample. 
28. The method of claim 27, wherein the known and 

unknown samples are soft tissue samples. 
29. The method of claim 28, wherein the known and 

unknown samples are biological soft tissue samples. 
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